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(57) Abstract 

A coryneform L^glutamate prcxiucing bacterium deficient in Ct-keioglutaric dehydrogenase activity; a process 
for producing L-glutaniic acid by using the bacterium; a gene coding for an enzyme having an Ct-KGDH activity 
originating in the coryneform L-glutamatc producing bacterium; a recombinant DNA containing the above gene; a 
coryneform bacterium holding the above DNA; and a process for producing L-lysine by using an L-lysinc producing 
bacterium holding the recombinant DNA. 
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Kp^'^-fe' (a-KGDH) ^tt^^X^Ui^- U :^S!L - ^VUiJ^ ^ 

i/Xr^/c (#lg¥5- 2 4 4 9 7 0^ii^fS) » 

(Agric. Biol. Chem.. 44. 1897 (1980). Agric. Biol. Chem. . 46. 493 (19 
82)) > ^) ^mmm-Cli. a-KCDHfS^(DUKMtL-^J\^^ l >^^^M 
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2 3 7 7 9 o ±izEL/wJ:9 ^MSfflMTJi. a-K 

l^fzfz)6-. =1 'J^HL-iT;!/;?' i >^^^®© a -K G D Hitfei^^^' u-^ > 

m^^^'^^tsm.m^DN A'^v^mu mm.^A.DN A-cj^wn^[^ 

±KU^-tZ a - K G D HstfE^^^5S^^-r ^ C <i:HJ:t)a-KGD UfSn^X^ 

So 

- K G D HS^CD U^yUi L - i^^^U^ ^ >'®?®^Mt6^iS'^7t*^l^. a - K G D 
Hmm<L-:rjU^ i >WtO^MizmmfS:f^m^S.i^TZt'^M.^^fz\^fZo tfz. 

-KGDHiE^E^^iSi^-r^CtJCj:^ a-KGDHStt^iX^^ii-/;:*^*^ i§ 
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J. Syst. Bacteriol.. 41. 255 (1981)) . ^ /en U ^^<i^ 7^ U AP<t^^lI 



J 
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•3 ^)^J<^^^) . T-t hT-> K7-Y ATC C 1 3 8 7 0 

'J^/N'i^^T^'J 't'i* • T-fe \ tsh. ATCC15806 

. ATCC15991 
' ^}\^^ XtiL. ATCC 1 3 0 2 0 
a >j^/<i?-r >; • U 'J-t^A (II U^^<^-r U 'i7j^ • ^ :;{7 A) AT 

C C 1 5 9 9 0 
=1 U^^<r^7^'J '^A . ATCC 1 7 9 6 5 

ATC C 1 4 0 2 0 

7*UtV<:^7^>; 'i7A • 75^N*A (13 ';^/<^-r 'J -i^A • ^/yl/rJ' = AT 
C C 1 4 0 6 7 

7*Ufcr/<r^7^U • >'-7>J;r7 ATCC14068 
^'l^hXrJ'-r U ^L.' hy^Jl/ Vr^A (:3 >J ij »i7A • :/;U:$^ = 

:<7A) ATCC13869 
7*Ut"/<:}'7^V r>A • D-t?'>A ATCC1 3825 
7*Pt:V<i^xy • ify Ut^^ *A AT C C 1 4 0 6 6 
7*L/hV<^xU • yx ATCC19240 

u |J^/<:?7^U «:7A . if-^T i y AJ 1 2 3 4 0 (FERM BP 
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- 1 5 3 9) 

^j^m© a - K G D H^^mt^ E 1 ( a -ketoglutarate dehydrogenase : EC 
1. 2. 4. 2) N E 2 (dihydrolipoamide succinyl transferase : EC 2. 3. 1. 61) > E 
3 (lipoamide dehydrogenase : 1. 6. 4. 3) © 3 o©1f7-^- hT^lfiJc^tl. E 
K E2it^i^=-{i:t-<a>«lit^fiXiU E 3 Ji h";bt-yffi?fiJ^7K^^^ (pyruvate 
dehydrogenase : EC 1.2.4.1) t^W UTl^^ C i:*^'^ ^nTl^^o ^^M©E 
K E2jt'(5^^©5Ji^U:4-^KE^lJliBS'^*^t^^^"^«'^^ <^E:ur. J. Biochem. . 
141. 351 C1984). Eur. J. Biochem.. 141. 361 (1984)) o 

A^^C$nTl^^ (J. BacterioL. 171. 3667 (1989). Gene. fil. 217 (1987)^) c 

SmfiJc*^'^ G + C-^S*^' 5 0 %fti£T'*> <9 . #5*^^ 2 t^m^^J^^'^-f ^ 

T^val'j* (PCRi*) iZX^^^ma-KGDH^Qi^O-n^*-^^^-^ 
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mm^^i^Di^Ax^xmrn^j^nn^-r^o mmmtbxa. m^n. b am 
H I . E c o R I ^ xh o I mib<mi^^n. <^ ^-tLTit±mm^^ 

(D^^ m:tl-^. pUC19. p BR 3 2 2^*<ffilMa,n^e fPfiJSL/cmSl 

^Th^<. m^iiHB 1 0 K JMi 0 9. DH 5 mco:Kmmm^tf^mi^'hti 
^fei* D N A © M pi^msff >t omik^mm-r z> . 

DNA^SlJ©$iJI^^^T^r£ffLs -^i^^-tljl^tUT^^^I^DNA^fF^Us 
^^^;i<*:DNA{ri:0?^!»Sl^^m^. ±l£<l:(^m{w:3 0Ji- • /n-T 7* 'J 
4f - i> 3 > {C ^ il^ i MK^^KfK-OS^tff^^T 7 C i ir J: t) a - K G D H it^£ 
^©^S^'^t;DNAS)r>T-^St#-r^-i*'^T#5o C©Nf> 7'a-7*<i: LTi50 
to{l5i^§U/cDN A»f)t^ffit^-SCiHj:t). ziD--/N>r7''J ^-r^f-v/ s > 
^ J: {I^T 7 C «fc }(>^T ^ e 

a - K G D HSe^^-^t^D N Altff>1-{i> 'ffeOii^nc^iJ' ^ -{r#M^X.T 

li. '{?iJ^liziU^^<i^x';'7AJga®T'S^^SS[T'^S7"5X^ KT'fe^o ^a^* 
^\tm7T^-^in\t^ p AM3 3 0 (#lgBg5 8 - 6 7 6 9 9-^41^11) . p HM 1 5 
1 9 (#iaBS 58-77895 -^^fS) s pAJ655. pAJ611. pAJ 
1 8 4 4 (Jg^±s #iaBg5 8- 1 9 2 9 0 0-%4>^) . p CG 1 (#ISBg5 7 - 
1 3 4 5 0 0 -^^i-IB) . p C G 2 (#l§Bg 5 8-3 5 1 9 7 . p C G 4 . 

p CG 1 1 (#|gBS5 7 - 1 8 3 7 9 9■i•>2^$g) . pHK4 5 - 749 

=1 U ^S! L - i/^UrJ^ $ a - K G D Hit^^^^i ^ 
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^mm-r^^ pk-^v^'Di^ h^mm-r^ t%\zm\^^^umu^twi\:^^(D\z^K>^ 
xm^'ti>o T 4 D N A u tf—k'mo u if-±'^m^^^xnr) ©?&-<^iiT 

(J. Mol. BioL. 53. 159 (1970)) fe:^S{Col^TfS^$nTl^^. J; ^ 

/a. l#5iSSP^05ffl»«?>=J>f-r> h^r;^^lia[UTDKA^^IA-r^:Sr^* (C. 

H. Gene. 1. 153 (1977)) i)<^Zo ^b^i^it. um.mmRV'mmiz-^i- 

Ximi^tiXl^^J^oU. DNAS:^®©M^^ m^;tDNA^^^{C5it)i2it; 
•/o hzT^^ hXiiX7iD-/5 7L h©t>i^{CLTa!^;lDNA^DNAS^® 
II^A-r^:^-!* (Molec. Gen. Genet., 168. Ill (1979). Nature. 274. 398 (1 
978). Proc. Natl. Acad. Sci. USA. 75. 1929 (1978)) hJZ^mx^i>o 

nB.^^^'^Z.hts^X^^tK 4fl§BH5 7 - 1 8 3 7 9 9#^|g{r|§^$n^>i: 9 

;l/nj:i'y^ F 6 8 (-fe-yb/^thS!) ^X<i:©)S^iO{r J:-,TtDN A©i 
(#li¥2 - 2 0 7 7 9 l-i-4^l&#B?J T^?.o 
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a - K G D HfgtSO UKyU^SU^-T SttfflUSIi. il'L^^St^^j: iiOW^ 
CD^MC^T. Agric. Biol. Chem. . 1897 (1980)ie«!c©:B'5*^fC J: 9 «! i 

^ite^^cDfiJffi <i: LTI±> m^JiHs^^Oif A^{C a - K G D HS^^^^ 
in vitro Km\ZX^m^m<m(D-fm. T^n^-rJ^-O^Sc^tlJ^^^m 
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Mii^ffOiZli^ l?lJte#^&U^^?* (KraiBer. W. and Frits. H. J.. Methods in 
Enzymology. 154. 350 (1987)) ^^'S.mWt'^ h ^ M.^ h Kn4^i/;UT £ 
-fb^|||r!l{r<k5MS (Shortle, D. and Nathans. D. . Proc. Natl. Acad. Sci. 
U.S.A.. 75. 270(1978)) tlJioT. a -KGDHM^^O=i-v'^ >:^mi^Xlt 

lE'^tmi^'f-tm^-ri ztizji Kf^^i-M^^sx-^z, a -kg d hotss^^^ 

$ ^CDNA;}?'; > ^— fe'I Uy'i?^^^^ >h<i:T4 U:<7— tf^ffi 

m^. x^. mx. 'ftunxiij£{i*-«@^^n^ae^^'t-ti-7'5x= k^j^-^t 

y =3 >t':J-> h P CR^ (PCR Technology. Stockton press (1989)) 
^y^J^'AdJ^S©®^. ^Ax ftJnXltiS&^Jtolg^^^Af 
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(Experiments in Molecular Genetics. Cold Spri 
ng Harbor Laboratory press (1972);Matsuyama. S. and Mizushima, S. , J. Ba 
cterioL. 162. 1196(1985)) *-«*>^o ffl[^t4^g^x.li> m^i^±<D^J\i tnm^ 



wo 95/34672 



PCT/JP95/01131 



- 11 - 

■r^ci^^T^^o mmmtvxi-i.. ii^oL-^^vurj' = >s?lsffi^^rffil^t>n^ 

Tlis ityj\^^ tf (PFK. #l§Bg6 3 - 1 0 2 6 9 2 

(PEPC. #l|Bg6 0-87788 ^> #I§BS 6 2-55089^) s TCA 
m^O^:^>m^m^m (CS^ #l§Bg6 2-20158 5-^. 4flSBS6 3 - 1 
1 9 6 8 8#) ^ T=»-'y h^k K^rJ'-- If (ACOs #l§Bg 6 2-2 9 4 0 8 
6-^) s V^Ji>®?-rb Ko^r:^— If ( I CDH. #1^83 6 2 - 1 6 6 8 9 0 
■^v ^IIBSe 3-21418 9-^) s T ^tKmt\^X\tifJ\^ir I >'S?7=h K 
xj^i-^^ (GDH. #1^88 6 1 -2 6 8 1 8 5-^) ^*<*-5„ 
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o ^_ ^ 1^ :3 ,j ;7^M®TT rJ' -St^^Jfo D N A »f>^- 

p T^n -t — — h (Y. Morinaga, M. TsuciLiva, K. Miwa and K. Sano, J. Biotec 
h.. 5. 305-312(1987)) o ^^<^v-')i l^mmmo X rpZfu^-'^- 

^nmfl-fu^-^-X'h^ (#§^Hi6 2 - 1 9 5 2 9 4-^^fl) „ ^^^(0% 

hi>o S- (2-T= y^f-^l^) -i^XT^-r^ (£IT> TAECJ <i: BS^-T 2. ) 

(#^Bg4 8-28078 -t. #^BS 5 6 - 6 4 9 9-^) . AECCit^^^Us 
M«CL-D^->>. L-4->^-lr >; >s L-yc:;>, L--tr';>> L-7;l/^^ 

0 8 3 9 5^:Sc;m3 825472-^). DL-a-T^y - e tiZTuy ^7 ^ 



wo 95/34672 



PCT/JP9S«)1131 



- 13 - 

50-53588-^. #l§Bg5 0 -3 1 0 9 3^. #1^835 2-102498 -t. 
#liBB5 3 - 9 3 9 4-^. 4f l§BS 5 3 - 8 6 0 8 9-^> #liBS 5 5 - 9 7 8 3-^. 
H^m'SE 55-9759-^. 4f l§BS 56-32995-^. #|§Bg 56-39778 
^^ #4:^BS 53-43591^. #4^83 53-1833-^). -r/v/h fz 

itmm^m^-ti> l-v-:^ >^m^m^ cwmss 55-9784-^. #§^Bg 5 e 

-8 6 9 2-^) . yjV^JJ\fJl^\=:>mtfzlt3 4'X:&,±(D^mizMVTm§:^^ 

u 'j>^m^mw (W^^5 5 - 9 7 8 3#. #i5ffg5 3 - a e 0 9 0 

0Ai^fzitz2y)^y<^7^y)ryi<cD^m^ (^S#fF^4 4 1 1 9 9 7 ##53) 

7'bkV<^7^i; .^A • ^rJ' ^rJ'A AJ 1 2 0 3 1 (FERM-B 

P 2 7 7 ^ #|gBg 60-62994 ^^l^fg) 

7*L/b*^<i^^U . h-7 T-^ ^r^-A ATCC 3 9 1 3 4 :#liBg6 
0- 6 2 9 9 4 -i-^^^fS) 

D U^^<^-r U C'A . ir;t/:$' $ AJ 3 4 6 3 (FERM-P 1 9 8 7. 

5 1 - 3 4 4 7 7 -^^^Ig) 

7'l/hV<:J77^); .^A . h :7 T'-^ AJ 1 2 4 3 5 (FERM B 

P - 2 2 9 4 ^ ;Nta#Wm5. 304. 476-#) 

7*UkV<:J77^iJ '^7^ • h:7 r-^ ^rJ'A AJ 1 2 5 9 2 (FERM B 
P - 3 2 3 9 s 5|tH#f^r^5. 304. 476-^-) 

i;^/<:^7^i; »>A . ^yl/rJ' = ;^7A AJ 1 2 5 9 6 (FERM BP-32 
4 2 . ^ffl#rF^5. 304. 476-f-) 

fz^r)l^M^tl^:^^-tMf^LXn^li^i^o 

;p=i-x. h-x> ;^f7:J' h-x. ^■^iJ' h-x^^t&jDTKr^-J^^njri*©!! 
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:^#liKFmfiU^#TT 16-72 Wf^m.m-t^'(Oi}^^ < s i^m^li 3 0 'C- 
HI li^ a - K G D HiE'fE-?^'i-t;D N ASff)t©f<JPW^0"^*> ^ » 

^irfs^i 1 g - K G D Ha^£H^ g^M«7^ rm^.m^ 

(1) 7°a-3^0iS5St 

::>C]^B<»:fe:^mOa-KGDH • E liJ-y^-.y hjUc^^F^T+il^ttO^^l^lS 
:/5>r-7-<i: UT^^U 1^^^ KO. 2 5 //mo 1 e> mmtLX"^^ 
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DNAO. 1 ;u gSD^:^y^DNA;J?U^5— bf (^?@itttail) 2. 5J--.;.h 
^dATP. dCTP. d GTP. d TTP^2 0 0 ;/M. ^^ttrVyj^SOm 
m<t^^^:^'^^2^1. 5mMSC;-lf5^>0. 0 0 0 1 ^^-tW-T-S 1 0 m 
Uh^)X-^mmwm CpH8. 3) O. ImUzmaL. 94V^1^. 55 
'C^a^}-^ 7 2'C^3^©i^-ri^>'I/^3 OHi^tJii-rPCRjfe^^T-^/Co 
^T:^'n-X'5f;U«m^S&tC«tU gfttli-T^DN Altlf>t^i/^x^^■•:7y- 

i-AyiM) iCa-'^PDd CTP (Tv>/ + A1±M) <&ffit^/c^^>'Wl:©S&{r 

(2) 7'UhV<:?-r U "^A • ^^J'A ATCC1386 9 ©^fe 
^*DNA^K-©P^ 

H7. 2) 5 0 Om UC. ^'U'tVN'r^-rU'^A . ^rJ'A ATC 

C 1 3 8 6 9^iimU> 3 1. 5'^T6Wmi^miyi^^^^mZo dO^^^^^ 
5, OOOrpmT-10 i^-P^j^^L^rS-ISIMS LttWi^t UT^EMi* 2 g ^#;to 

^M^**^^>5^B^ (Biochem. Biophys. Acta., 72. 619. (1963)) 

{CJ:!9^fei^DNA^}*aiL/Co CO^-fe^^D N A 2 g2S^C^$iJI5Sg^#E_c_o R 
I 2 0 OJi^-y h«-l OniMig'rkvir;?^i>'^A. 1 0 0 mMtg-fllT^ h V ^ I^Rtf 
1 mMvf-;^ Xb-r h-J\^^^m-r^5 OTnMhVX--^m^mm (pH7. 5) 

y<^^y) ryA'yi7}>yy-y ATC C 1 3 8 6 9 ©^fei^D N A»f>t 

(3) 7*UhV<^f U • h:7 ATCC1 3869®a- 
7^^^^ K^i^^J'-pUC 1 8 (STiatttHf) 1 u gRV^Pmmm E_c_oR I 
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2 OJ.-y 1 OmU^^t^y:^'>OlK^ 1 0 0 mMJ^-fb:^ h U ^M^RZ^lm 
M>'^:tXl/>r h-^P^-^Wr-S 5 OmM h U7.-JtgS!^®!i^ (pH 7. 5) IZ 
m^l.. f^mS 7'CT2I^F5S0$ii:T?iil:)K^'#. ^^^^^jitl^ 0 :7 x y - 
JimH^RZ^^^ y -Ji^ttmLfZo com. y^T.^ KK^:J^-S5^©DNAKffjt 
;i>'<ll*§-^t"^©^B&ltt*-5/^i6. Molecular Cloning 2nd edition (J. Sambrook. 

E. F. Fritsch and T. Maniatis, Cold Spring Harbour Laboratory Press, pi. 

60 (1989)) ©:^?feT^N*^7^y t;i/ • T^i';?? u 7;^■;^7Tr^'-•^f4astc.t ??DNA 

C©E_c_oR ITf^-ffc^n/cpUCl 8^0. lug. (2) T^^n/cE c 
O.R lX'mt-^tlfzy^iy\£^<^7-^)^2^ ••5^h7T->>:J^A ATCC13 
8 6 SO^-fef^DNASffK- 1 gZ^?:;T4 DNA 'J:^*— fe'l^^-y h (^rSittt 
S^) ^6. 6mMig'fb-7ir^'>'^7ix^ 1 0 mM>5^;tX W-^T h C5 1 0 mM 
T7=y >^^-t^-r^6 6mMh'j7.-^@e^®?^ (pH7. 5) {I-gs 

iJnL> ^UEl 6^T'8^F^S:iS:U> DNA^^^$-tir/Cc ^)^l^-C^D N A^l-^*^ 

^j^CJ^^^oii/x >j tr • 3U JM109 (^TiitttiSl) 
cn<&l 0 0 ;u g/m 1 ©T>t:>"; ^^-i-f L«l5^^Jfe±{Ct *^ 1 0 . 0 

#'^^/c?^H'fi^'(**^'2>. Molecular Cloning 2nd edition (J. Sambrook. E. 

F. Fritsch and T. Maniatis, Cold Spring Harbour Laboratory Press, pi, 90 
(1989)) ©:^feil.i:t)x (1) T#'in7tyD-7*DNA<!:/^'1'y;r5^-rX•r^ 

(4) 7'l/hV<^7^U -t^A •^^h^T-yVrJ'A ATCC13869©a- 
K G D Hfi^E^Oi^^SeJiJ©^^ 

(3) {Cci: t>#^tl/c?&WS^<**^ ^Molecular Cloning 2nd edition (J. Sa 
mbrook. E. F. Fritsch and T. Maniatis. Cold Spring Harbour Laboratory Pr 
ess, pi. 25(1989)) i£ife©T>'L':^'J ^m^H J; 0 7^7 7. i FD N A^I^M U/Co 
^7°5X= KDNAIi7'UtV<:?xU i^A • ^ h7r-;' ATCC 1 
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3 8 6 90^fe'(*DNA^5^^©*^6 + D-<-:^©DNAKff>t^^^■Cl^:^Co Wif 
(3) ©^0mfiKT$iJISg^^JE^RI23i?^XlLO.IT'^»fU. 

Eco R I ^r/Xho I tr^Slr^n^*^ 3 4-D^-X©TO»f)t*<-^^7'U 
X-r^^.t*<*>JB^b/Co ^DNA»f)t^ (3) T^To/c.fc9lCE_co.R I5.y^X 
hLO IT^KfU/cT^^xa K^^^-pHSG3-9 7 (SfSitihUi) diSS^U^ 
D-Wkt/Co n^fifzZf^T.l KDNA^ffil^T^DNASffitO^SSa^'JO^ 
^^^Tr^/Co JgSSS^JO^^{i^ Taq DyeDeoxy Terminator Cycle Sequencing K 
• ^ K/<-r;4-^i^^^*t5Sl) ^IBl^SangerO:^^ (J. Mol. Biol.. 143. 

161 (1980)) H^*£^T^To/Co 

^^,n/cDNASffH-(i^^'^<i:^-:^>' • ^^-^^^^'^■^^'^'^ 

ATCCl 3 8 6 90^fe^*:DNA^Xh_o I-C^ftlfUpHSGS 9 1 

u/cm^^f*:/5x^ KT?^!ee»i^mv (2) T#^n/c7'ixbv<^^U'^7 

^.^^ ,.-7^_^y>jrA ATCCl 3 8 6 9©^fe^DNAffi5^©*t3^n 
K-XOE_c^RK XiLO I^»f«ff)t^ (1) 

Kli*^9+^K-;^ODNASffit^^^-rl^/Co CODNA 

4 4^n-<-X©»fK-T*>SC:<t*WJt^^o SDNA»f>t^ (3) Ttf-./cJ:-5 
r^SzjL I RO^XJIO I T^»f X ^ K^^ ^ - P H S G 3 9 7 tcS*^ U 

^u-Wkb/Co K^pHSGS-Xi^^U/Co ^:/:7Xi K*^ 

■^tr.S_aJ. I 7^r/ Xho I S_a_L 1 ^ttfr.^^"^ E_c_o R I ^{Bf.^^T 

©*t, 1 . 4 i^D^-X0D N AKff)tOJgSB£^JO^^^Jti£<t l^lil^ UTtTo /Cc 
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K-r'5>itlE^>{j<s 7*U h*/<i>-r >; A • 5 ^ h 7 r ^i?'^ ATCC 
1 3 8 6 9 0a-KGDHite-?^T^>^o nct>\ SaWONT^Sajr^-S ^ 

h^Z. tti<^ < > Sif^Q^^r^iJ^— tfCD«!i# (lit) fi^*^n^ ^ i7i<.i: < ^^>n 
ffiC^/c-r-;7K-x{lEMB LSC5SWI SS-PROTT*>^o -eo^tm. 12 

^ite^Ori- K-r-SM&Mti. N5^^©>f-;^^>^^^'^a6Tl. 2 5 7 
UTC^/Co •r^X^-^> C5^MO*t9 0 0T$ y®?(i®^OE l-t^7*J^^>> hi 

yh/<i^^-M^M©E 2-tf7*jL^.y h ton^^tm^^tif^o ztikt. 

fi^*^''ffe^@l a - K G D H <i: {tm-^l Kf. E K E 2 ^:^©SS^ItODrtga^^^ 

7°D^-:^-#kiliej»Jjr^^L/cSE3?iJ (281-286Z^y^307-312) Siy^^^V^MM 
©y ;J{v'-A*t'^SE3?»Jili^KL/cBE3?iJ (422-428) i3<^\.^tz-^tifz^ :*:itiE^;t- 

SiJV--fmTt (4243-4281) t^^h-^tlfZo t>©S22!nj{i>*^stfe^^*-<343i UTte^> 
SIR^S't Tfc -ffeSa-KGDHi ti^/j: o /citf£-7-^jt^Jt TL ^ ^ C i 
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mmm2 ri/bV<^-7^') - S:??-^ ATCC1 3869 

(1) a-KGDHi^^^(D7'ly\f:^<^T-')01- ' 7-^ AT 

C C 1 3 8 6 9 RV^A J 1 1 0 6 0 ^<D^A 
mmmi-r^^^^tlfzp H S G S -XZT^ 7.1 KDNAl ^g. $lJKS^S_a_L 

I sz^xiLo I -en^'n 2 0 a- «y h^^m^ji (s) izs^mLtimmf^^-cm 

mS^nTtg^XT-^X^ Kp PK4 (#l§¥5 - 7 4 9 1 DNA 1 ^ s 

2 0 ^- «y h g) s a 1 I '^mMm 1(3) Lfzmmi&'PTm^ v. 

-r^/cfe. ^m^^lJl (3) CD:^^T^<i?7^'JT;^-T;U:^U7;d-X-7Ti5^— i^'^ 
SfCcktJDNASIfM-OB^U >M^b^^7i>. '^j*{rj:t):7xy->'i^}ftai^aSU. ^ 
rJ^y-;l/ttSi^^T^A-^/Co ^Q S a l l T?^>fb^n/cp PK4^0. lfss^± 
^.T^^^tlfz S a 1 I SLFXh_o I T?gYb$n/ip H S G S-Xzr^7.l KD N 
AO. 5//g:RC;T4DNA'J;<7— fe' (^Jiitttill) I y h ^mmm 1 (3) 
ialfeCD^®?S'=f'T'tg'^U. S^l 6 "CT 8 Npf^SfS DNA^^^-ar/we ^ 
l^T^DN AS'^ia^mm/-';UX&^ffll>^?^!»fe^®^& (#li¥2 - 2 0 7 

7 9 ^'utVN-r^T^u-i^A • hyr-^ a J i i 

0 6 0 (#<2^Bg5 9-l 0 7 9 7^4:^#) IC^AU/Co cn^'i? U b > 1 
^#:3i4-Xl%> Jl'fbT?-h'J':7A0. 5%. ^;l/=i-;^0. 5%Siy^:^:^-7^'> 
>2 5x.g/'ml*^^fi^^»^^^feJl^^^t. J^m.W^'^hZ l 1 0 6 0/pP 

A J 1 2 9 9 9 <l:^^$n> ^fiJc6^6^ 3 B#»tTilfiMII^XllS^Fl5^^ 
-^^Xi^Xmfit^&W^HJT{w^lt#^F E RM P - 1 4 3 4 9T^lt$tl. ¥5)c7 

B P - 5 1 2 Zi3^*^^^tiX\^^o 
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y'U}iy<^v-V ^J^' h7T-> ATCC 1 3 8 6 9 fi3^CD S_a_L 

I - xh o I mnt'^f^^ u/c*am;t{*D NA^mvi m-f^ x ^ p p k 

t/Cx mmiZLry'lyt'^<^v-V^2^ ' h7r-> ATCC 1 3 

8 6 9 ^m^t LX^nn^i^A TCC13869/'pPKS - Xi:mn L/Co 

(2) a - K G D Hite^l#iti|^CD^#?gS 

(1) T^#t>n/c7'l/bVN'i^7^>J "t/A . h7r-> A J 1 1 0 6 

0/pPKS-XS^D^ATCC 1 3 8 6 9/p P K S -X^f-r^Vbzi-;^ 8 %^ U 
>®? 2 7X^7^7 U -7 AO. 1 fiTi^^iT^v/'i^AO. 0 0 4 5rLST>'^-'t7 
A3%, iitSf^— ^0. 0 0 1 M-7>7!7 >0. 0 0 1 %> :^M7K:9'I??S 
0. 0 5%. h";5' $ >B, 2 0 0 g/ K h':tf->3 0 0 u g ] . mktjJ\yiy 
'j7A5%5.c;;^7:^-7-r->>2 Smg/ 1 *^t>5S;'5^1fe (pH8. 0) 5 0 m 1 {r 

i^aUs 3 1. s-cT'i 8^F^^^u/co m^m^^%m\-:.'^'ox^'\j'^n:\.. 

K> & Um^*^^^ U/Co 3 0 % ^ U -fe D -;U^-^t;N - h U X ( h K o 

^^v/^^;!^) p'^;i/-2-T^ (JEiTTE S) 0. 1 

®?g(pH7. 7) {IMSL. 15. GOOrpm. 30:^ 

m.>\j^ii^n\^X±m^m:-o COilEaBaiKi^?^^-^^ 77=^x0-2 5 (Pharmacia^: 
SSI) :^5A^n hi/5 7^-{r«tUs -larQ-^^iifeS^^l^/c tO^fflP^^SCi 

#t>n/cm0m?£©a-K GDHStt^Agric. Biol. Chem. . 44. 1897 (1980) 

3 6 5 nm0gi^^O±#<&?BiJ^U;to ^^c. a^^?^®SS^«tS<i'> v'JflL^ 

t4^^fcbU/Co ?tB8tUT. •f^T.l Kp PK4Tll1tH3^KS«^tT#/cA J 
1 1 0 6 0/p PK4SZ/ATCC 1 3 8 6 d / -pVKAOitm^^-^^tfZo ^ 
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A J 1 1 0 6 0/'pPKS-XiATCC 1 3 8 6 9/ 
pPKS-Xli'&n^'nAJ 1 1 0 6 0/'pPK4<i:ATCC 1 3 8 6 9/pP 



^1 





a-KGDHitfSti 
( A Abs/min/mg protein) 


A J 1 1 0 6 0/p PK4 
A J 1 1 0 6 0/p PKS-X 
ATCC 1 3 6 8 9/pPK4 
ATCC 1 3 8 6 9/pPKS-X 


0. 0 2 9 
0. 0 5 5 
0. 0 19 
0. 0 6 0 



rUbVN'^T^U'^A.^i^ h:?^-^^^^^^ AJ 1 1 0 6 0/pPK45La^ 
A J 1 1 0 6 0/pPKS-X^L-i/;l^^^>g?^M^i*fel-^^'-> 

i/;m-x8%. U >^27K^^U'^A0. 1 %> «£K-7^';^'>':7 A 0 . 04 

oA^-m^r>^^^^^^o.um^-^o. ooi%.m.m^>:^'>o. ooi 

Zk^mii^^mmi- 5%. if-^Ti>^S?^2 0 0 ;zg/K t-:rf->3 0 
0//g/K ^:^'7>rv/y 2 5ing/l^^?^CaCOs (SUISm) 5%*^^fi3c^ 
^M^lte(pH8. 0) 2 0ml^5 0 0ml^SP75;^3{C^aUlin^lS® 
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U/Cc cn^C^^;i?^l;^6A J l l 0 6 0/p PK4S?:;a J l l O 6 O/^p pk 

%RUt;^-7-f i^>2 bmg/\ iJ^Ci>^i^W^^ (pH7. 2) {rT:^aiUT 
ol^T^ ^SS^^J (Twe e n4 0 : vi/vitj^) ^3 g / 1 j3SilDU/c£tM 



2 



m 




















(OD) 


(g/dl) 


(g/dl) 


(%) 


A J 


1 1 0 6 0/p PK 4 




1.72 


0. 45 


0 


0 






+ 


0. 78 


1.80 


2. 46 


42.4 


A J 


1 1 0 6 0/p PK S-X 




1.31 


1.89 


0 


0 






+ 


0. 78 


3. 69 


0. 37 


9.4 



Wm\^fZc zcom. o-KGDHit^E^^-^iTT^^X^ KpPKS-X^^AU 
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as 





^^-> 


(OD) 


(g/dl) 


(g/dl) 


(%) 


A J 1 1 0 6 0/p PK4 


+ 


1.84 
0. 72 


0.0 
0.0 


0 

3. 90 


0 

49. 1 


A J 1 1 0 6 0/pPKS-X 


+ 


1.87 
1.07 


0.0 
0.0 


0 

2. 39 


0 

30. 1 



m if(6m 3 g - K G D HS^ ^^ti^OfP^ 

a - K G D Hit-g^^itl® .J: L - ^^l^iJ^ ^ >m^i)mPl $ tl/c C i *^ ^ > 
a - K G D HiS1£^-^5S^-r ^^lC<i: t) ^^^^ ^ ym^m^\^±^^=^ ^ t 

ib<mw^tifzo m^^^mmt. #11^5 - 7 4 9 i^\z^^-^ti^fB.&m.^^^^ 

^^I^H{iSE^mi£^J#^l ®1340#S i:3266#i©2 0fiJT(wK^I T'fi^k^n 

^,gcfe*^#^-r^o ^ciT. ^m^jiT#^>n/cpHSGs-x^iLB^i-^^ 

^m-fkU/cO^SB^S^^-t^^ Kpn IttlfK-g)1926^^^^X^U^r5X^ K 
pHSGS-XAK^fPfiXU/Co pHSGS-XAK±Oa-KGDH^t^£^{i 
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S emSlit6*'5ia^S5^{r/i ^ /c^^S!©«Sgjg ^^^oy^ KpHSC4 
(#15^5 - 7 4 9 1-^) ^mmmmK^l-Cm<tV. DNA^^t^^^b^^;. 
h (MitttS^s Blunting kit) ^ffil^^m■^^Yt B am H I 

»f>T-^l5i#Us cn^pHSGS-XAKCDBjLmHUfUfejrJfAUT'^Xi K 
pB T S - X AK^lSl^»L/Co 

■r U -^^A . h7T->>' ^r?'^ ATCC 1 3 8 6 9 tr^^/^VUX^ 
2-207791-^) ^ffll>T5lAU. #l§¥5 - 7 4 9 m<Dy5i^xm^i^± 

fcATCCl 3 8 6 9/pBTS-XAK^CM2G U -^7" h > 1 ^# 
i^Xl %s J^'f!::^ h U "t^AO. 5%. ^^;l/=i-XO. 5%. pH7. 2 ) 
^±feT'2 S'CflTS^r^lgi^:^^!^/::^. 5 g/m 1 i-ri- 
>'U^-^t;CM2G«5^^1&±{riS[^. 3 4'CT^#UT?^fi£U/c3D---;&y5 

S^'fe^*:±© a - K G D Hit<E^^Oi^SI£JiJ^iS-^. a - K G D H^H^^t^X^m 

^I«^$t^Tl^^c<^:^^fl^Us cn^As^i^^su/Co as^cdo-kgdh 

( 1 ) g d h> g 1 t ARZ^ i c diilK^-^rJ' d-ji^:^' 
7*L/tV<:?-r U ^ U - ^ hyy-^ ^rJ'AOg d h. g 1 t ASCf i c dit 
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$nTl^:S>:3';:?^^^*^7^'J'i7^• (Molecular Micr 

obiology. 6(3). 317-326 (1992)) > g 1 t Ait1£^^ (Miclobiology. 140. 181 
7-1828 (1994» RV^ i c ditiS^ (J. Bacteriol. (1995). 177. 774-782) ©BE 

(5- -dU) ^SE^J^-tlO (3' « lCS^^:tU3*5ii^U:t5^K^^n^'n^fi3c 
:7'U.tV<^xU'i^A.5^ ATCCl 3 8 6 9*^^^m^^J 

DNAT^^^m-fk^-y h (^fiitttiSf. Blunting kit) ^m\^^^m%mt\.f'J^. 
^^^--f=y7.\ KpHSG 3 9 9 (S?iittt^) g>Sma lUm^tn^M ^ 
-->^U. 7"5Xi KpHSG-gdh. pHSG-g 1 t ARC/pHSG- i c 

d ^#/Co 

(2) p p C^iET-©i5'D-->^<i:^^ 

^»Jl©^&J::«fct):/wt:V<i7xU'>i^-5^ h7T-^>^^ ATCC 
1 3 8 6 9©^'&'(*DNA^IIISSIU ^n^^li<i: UTP E P C^:^- Kt-^>P 
p cSfed^^-^trm4KbpCDDNASffH-^PCR&^ffll>T52#U/Co PCR^ 

©ppc®1£T-0@E3?iJ (Gene. 77. 237-251 (1989)) ^^ttr^fiXU. P C RS 

n^^^ 2(3' -ffiij) t-^t".. 

7X= KpHSG 3 9 90S_a_LlSi514tr5fAL/c:/57Li KpHSG-ppc 
' ^lSM\.iz. pHSG-ppC OPEPCfi^£^lipHSG 3 9 901 ac 
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UT^^>nTl^^ h 'jy h:7T ^^^-^D^^^D'E—^- <^Gene. 53. 191-200 
(1987)) ^pHSG-ppc' ±©p p cit<E^O-tSiEf-if AU/Co C(DZfa^ 

-^-itmnmis^n^^ 1 3 {r5^-r5iss*^t>n£^E^jT?£t4^^-rc i*"?^ t> 

on i:S^C/ Xb a I iZ^^WWfWi)^t-^i-i>^r>fl2:^mDl^Ai)mi^tlZm 
-^^JcUfciSSDN A^*^lOpmol/A^l-ro0SSnn£^.J:-9(-S'^ts lOO'CaO:^- 

tjnf^u/c'^> giaTS[?^uT--y >^'^-iir^wo pHSG-ppc' ^mmm 

Knn i^r/ xb a I (^fSitthiii) II ^ 0 ±fa©:/D^— ^ - i*^-^ 

A$n/c7"^X= KpHS G-p p c^#y;:o 

(3) g d h. g 1 t AS-O^ i c d0 3MSOitlE^^ii*^U/cr5Xi K©fP 

g d h. g 1 t i c d©3a?i©iEe^^ilMU^w7'5X^ K^fP^U 

/Co =ir't*WC(i. y^X^ KpHSG-gdh^$iJKBffi^^E_co.R ITfS-ftUs rU 
M©DNA5^^^?t-fk4-v h (SfiitttM. Blunting kit) ^ffil^^^t^^^rtb 
/c^>CD(r±iaoM5^^^W^^^kU/:g 1 t Ajg^^^©PCRltiPS^«fe^^l*S 
U> 7"5>^i Kp HS G- g d h + g 1 t A^ll^§U/Co T'^Xi KpH 

sG-gdh + gi t A^pmmmK^i'cm<t\.. i^^icuT^^^^-rtu 

-f=p \ KpHSG-gdh + gl tA+i cd U/Ce 

(4) gdh. g 1 t A:R(y^P P c©3aS05ti5T-^il^U/wy5X= KOf^ 

g d h , g 1 t ARJ/ p p c © 3 S?i©Se^^^*^ X ^ K^fP^ 
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fzo MmiUtZf^Xi KpHSG-gdh + gl t A^^iJRSffi^^iijBJl I T?^ 
<tb. y^pT.l Kp H S G - p p c ^mmmnKjQ_n I RU S a 1 I Tf^^k 
±^{r h >^^D>©:/D^-;J^~^J^op p citfe^Slr>T-^St#U 

t>n/c^)t^DNA^ft^S|ferb^-y h (^Sittt^Si. Blunting kit) ^mi^^ 
m^t^<iLfz^^. Kp n I V (^TlittiiS^) ^ffiV^TTT'^X^ KpHSG 

-gdh-g 1 t AgP K p n I ggfeHjf Abs KpHSG-gdh + g 

] t A + p p c ^mWiytZc 

(5) ±£^5 7:^ K-^©37iJ;|^y<:5^-rU'>AT'©mS!ije-^'®3|A 
pHSG-gdh> pH SG-g 1 tA^ pHSG-ppc^ pHSG-i cd^ 
pHSG-gdh + gltA+ic dSO^pHS G-g dh + gl tA + ppc 

SlliST'g^^^'SJt&njy^X^ KpHMl 5 1 9 (Agric. Biol. Chem. . 48 2 
901-2903 a984)) ^^(D^m,^. (#P§¥5- 7 4 9 1 ^pHSG-gdh. 
pH SG-g 1 tA. pHSG-ppc>pHSG-i cds pHSG-gdh + g 
1 t A + i c dSD^pHSG-gdh + g 1 t A + pp c IzmAVtZc Mi^^i^ 
li. pHMl 5 1 9S3^©^$51)g.^.^3tor^5Xi KpHK4 (#P§^5-7 4 

9 1 ^) ^mmmmBamU I RC fKp n I Tm^ti^. ^i^.^^-i-ti-^e^sf 

>i-^l2^§U> ^I'-^n^cl^it^&DNA^ft^Sgib^y h (STlititSl. Blunting k 
it) ^mi-^m^m<t[yfz'ik. Kpn I y>;^7- (^TlitttSl) ^^I^TpHSG 
-gdh^ pHSG-gl tAx pHSG-pp cSZ/pH S G - i c d hO K p n 

I ^ttfr'E-n-e*njfAL> pGdh. pglta. pppcsjy^p i cd^32^# 

t/Cc pHSG-gdh + gl tA+i c d&C/p H S G - g d h + g 1 

tA + ppctc(i. -ecD S a 1 I ^tetri^^trs a 1 I U (SSrSittt^) 
pHUl 5 1 9l^^cr>Umm,^.^-^M'tinAl.. pGDH + GLTA 
+ I CDSL^p GDH + GLTA + P P C^5X#L/Co Htr. *|-hs<!: UTx Ctl 
^>®ite^^}#/-c'^Jl^7'^;^ i KpHSG 3 9 9^ffilV ^(DS_a_LlUiiHzm 
miZ Sa 1 1 U >;^- (^?@itttSS) pHMlSlQS^I^omiSie.^^if AU/c 

p S AC 4 tif^SlcL^Co 
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mmmi pgdh. dglta. pppc. picd. pgdh + glta-i- 

I CD:&i:;pGDH-f GLTA-f PPC±OiS-jtfeH^g)^mOfii^ 

pGDH> pGLTA. pPPC. pICDx p G D H + G L T A + I C DS. 
a^pGDH + GLTA+PPC±©^iH£^*<7*U't"^<:7 7^';'^A • 5^7 hyy 

>^J^ ATCC13869{r. mm,y<JlX'& 2-207791-^) K 

A7i-='-^U^'^trCM2 G^L/- h^ife (^''J^7"h > 1 0 g. mM^^T. 
1 0 gs i^yUrr-xS g^ N a C 1 5 gRUm^l 5 g^MzK 1 I iZ^tSo p H 
7. 2) {CTS^L/Co ^#t»n/c?^!i-S^^*^CM2 G«^^irS±{rT:^^U. 
iT^l/n-^S 0 g^ KH2PO4 1 g> Mg SO4O. 4g. (NH4)2SO430 
g. FeS04'7H20 0. 01g^MnS04•7H2O 0. 01g^ :ka.1lU 
7K^^?S1 5m 1 . -^^Ti >mmi^2 0 0 ug. t";t^>3 0 0 sRV^C a 
COs5 0g^^7j<l 1 4'{C-i-t:^itfe (K0H^^C^TpH{i8. Oizm^^tlT 

M^*^58i^UT#/cmfflai?S^ffil^Ts ATCC13869/pGDH. AT 
CC 1 3 8 6 9/GDH + GLTA + I CD^StCFATCC ISSeg/pGDH 
+ GLTA + PPC0GDH7g{4^Molecular Microbiology, 6(3). 317-326 (1 

992) sd.mo:^mzm^mMVfzt^^. zti^(Dm%n.^wx-\i. timco 

ATCC 1 3 8 6 9/p S AC 4 Hit-<T*tJl 3 ^§©G D Htsa^^f 5 C i*-? 
^ii-^-^fz (^4) o ^/w. ATC C 1 3 8 6 9 / p G L T A22tLf A T C C 1 3 8 
6 9/GDH + GLTA+I CDSZ/ATCC 13869/pGDH + GLTA 
+ P PC©CSfS^{i:. Miclobiology. 140. 1817-1828 (1994)IC. ATCCl 3 
8 6 9/p I CDSZ^ATCC 1 3869/GDH + GLTA^I CDCDI CD 
H^t4Ji> J. Bacteriol. . 177. 774-782 (1995)(Is ATCC13869/'pPP 
CJtLFATCC 1 3 8 6 9/p G D H + G L T A -I- P P C ® P E P CStSliGene. 
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77. 237-251 (1989){ri£*g$*l/c::^jSfeHiJ£-?T«iJ^L/Co $0^*^11^^ 5 ~ 7 {C 

^-To c^-rtl©?^^fe^ft^*^ig6tICD®E^{coc^T. ji^bsoatcc i 3 s e 9/ 

p S A C 4 (rit-<T*t 2 ~ 2 0^®^tt^Wr^C<i:*-«^*^o/Co COC tt^C^^ 
pGDH^ pGLTAx pPPC^ pICDx p G D H + G L T A + I C Di^D^ 
pGDH + GLTA + PPC_LCD#ie^^^(in/hV<i^f-ij'^7A -3^ VVt- 



^4 



GDHStt 
(AAbs/min/mg protein) 

ATC C 1 3 8 6 G/p GDH 1. 36 

ATCC 1 3 8 6 9/PGDH + GLTA+ I CD 1. 28 

ATCC 1 3 8 6 9/pGDH+GLTA+PPC 1. 33 

ATC C 1 3 8 6 9/p S AC 4 0. 11 



^5 



( mol/min/mg protein) 

ATC C 1 3 8 6 9/p GLTA 5. 5 

ATCC 1 3 8 6 9/pGDH + GLTA+ I CD 4. 8 

ATC C 1 3 8 6 9/p GDH+GLTA+PP C 4. 8 

ATC C 1 3 8 6 9/p S AC 4 0. 7 
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^6 



PEPCfgti 
(units/min/mg protein) 



ATCC 1 3 8 6 9/pPPC 1- i ^ 

ATCC 1 3 8 6 S/pGDH+GLTA+PPC 1. 04 

AT C C 1 3 8 6 9/p S AC 4 0- 11 



^7 



I CDHfg^ 
(units/min/mg protein) 



ATCCisseg/piCD 

ATCC13869/'pGDH + GLTA+ICD 
AT C C 1 3 8 6 9/p S AC 4 



ir;l/r3-x6 d g. KH^PO* 1 g> MgSO« 0. 4 g. (NH.) 2SO* 
30g. FeS04-7HjO 0. 01g.MnSO4-7H2O 0. Olg.;^ 

muiK^mmi 5m k yim^2 o o fi gRV^\£^^>4 ^ o ^ 

MtKI 1 ^iZ-^tS^^S 0 Om 1 ^1 \^'J^-yr-^ >^-HAtlllD^^5M 
U/Co cnicCM2G^5^^1fe±t::T^^UT'#/wAS^©M<*^^®U 3 1. 
5«C{IT. pH^T>^-T*'^T7. 0. 7. 2XJi7. 5 H$lJ«9I U^t*^ ^ 3 



PCT/JP95/01131 
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s- 2 1 o^-Kffiu mwi^&i^^ m7}^'c5ii^\z^^\.fz^^m<D6 6 o 



^8 



pH 




L - C^J\^^ ^ >^ 


(OD) 


(g/1) 


7. 0 


0. 8 4 


3 5 


7. 2 


0. 8 5 


3 4 


7. 5 


1. 0 7 


3 2 



(2) AS:^i. gdh. g 1 t A. ppcRCfi c dit<5^^^tfl>Ib/cA 

o L - i^vu^ ^ y M^^© V? ^ - 7 T - > > ^ - ^ffi ^/c^^n ^z>nm 

AS:»(C±ia©ai^UTfPSSlbfcpGDH. pGLTA. pPPC pi CD. 
PGDH + GLTA+ I C DXtiP G D H + G L T A + P P C ^g-^AU 

(#ia¥2- 2 0 7 7 9 1^) J::J:t)^T-:>^o '^^tlfz.J^%^^mi^ n 

^#0.4^X1 Og. ^;bi^-^5g. NaCl 5gRiy^^5^15g^»£7Kl 
-^tTo PH7. 2) irX^^U/co 
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m9 











(OD) 




A S 


0. 8 4 


3 5 


A S/p GDH 


1 . 0 1- 


3 5 


A S/p G L T A 


0. 8 3 


3 7 


A S/p I CD 


0. 8 3 


3 7 


A S/p P P C 


0. 7 5 


3 7 


AS/pGDH+GLTA+ICD 


0. 9 5 


3 8 


AS/pGDH+GLTA+PPC 


0. 8 5 


4 0 


A S/p S A C 4 


0. 8 3 


3 5 



9 g - K G D Hitfe^^itEl L/c L - V J: ^5 

L- 'J jyXO^m 

y'Ut'y<^-TV^2. ' hyr-/ >^-U ATCC 1 3 8 6 dt^i^m^m 

feSKtfe^W-r-SyUbVN'i^^T^ij >i7A • 5^ hyy-ji y^u a J l 2 4 3 5 
(FERM BP-2294) {rJLiS©«i: LTf^5)cU/c p P K S - X i p P K 

^/^'>'^Xi* (#11^2 - 2 0 7 7 9 1^) ^ffil^/c„ ?^Kfe^<*li2 5mg/ 1 
:?-^-r '>>^-^trCM2 G:/L/- h^ltfe (^f" u ^r?" h > 1 0 gs ^-Sji^xI 0 
iJ'VUn-^^S g^ N a C 1 5 g. 5 g^*67jcl 1 {C-^tj-o pH 7. 2) 

L - U i?>©^jgtt©i¥fiiE{i-!iiT©a{iUT^Tr>/Ce ^>'I/3-X 1 0 0 g^ K 
HzPOag.MgSO* 0. 4g> (NHO2SO4 30g. FeS04-7H 
jO 0. 0 1 gs Mn S O4 • 7 H2O 0. 0 1 g . :^cHSn7K^»l?£ 1 5 m 1 , -9" 
-TT $ >'^^ig2 0 0 ;z g. b';t^ > 3 0 0 z/ g . 7^7:^■7-r •> > 2 5 m gSJ^C 
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2 5 m g / 1 © * ^ >^^t; c M 2 G I. - h ^ife{::T^# ^-r'^^^ A 

J 1 2 4 3 5/pPK4Rt/AJ 1 2 4 3 5 / p P K S - XOM<*^1^SU 3 





0 






L - 'J > 
(g/l) 


(OD) 


A J 1 2 4 3 5/pPK4 
AJ12435/pPKS-X 


2 6 

3 1 


1.15 
0.9 2 
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(i) ai0A : ^(Dm^^^^ 

(ii) ^^(0^^. : a - ^ h ^ ^ Ji^Wty" h Va^'^—\f^iR^ 
(iii) E^m : 14 

(iv) m^H^^ : 

(A) ^ig : 

(B) #ife : 

(C) r^ : 

(D) ^i : 

(E) B : 

(F) ZIP : 

(V) r:>t°^-^^l^»9^#6?^xS: 

(B) 3>tV-;J' : IBM PC Sl^ 

(C) SlfP X 7^ A : PC-DOS/MS-DOS 

(D) V37 jlT : FastSEQ Version 1.5 
(vi) m^TtliglT^-^ 

(B)aigiB 
(B)^^#-^ : 

ccmm^^ : 

(ix)ii<t1tfB 

(A) miSII-^ : 

(B) 37Tr5'>'$ : 

(2) iE^J#-^l©I£3?>JcDit$S: 

(i) mmcD^m'- 

(A) S£3?IJCD:S$: 4394 base pairs 

(B) mwm: mm 

(C) mOl&: 2^0 
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(D) hrj?ai?-: W.m^ 
(ii) @2^J©ffiS: Genomic DNA 
(iii) y^^yf^-iz'r^ ^Jl^: NO 
(iv) T>f-lr>X: NO 
(vi) mU: 

(A) •fl/iiy<^'r^) ^ • 5^ h7T-y 

(B) ATCC13869 
(ix) a23^J©#^: 

(A) CDS 

(B) 443.. 4213 

(C) E 
(ix) 125?lJ©#^: 

(A) #ti^^-ri£-^: -35 signal 

(B) ^mm.'. 281.. 287 

(C) S 
(ix) iS^j0#ti: 

(A) ^IS^a-ria-t: -10 signal 

(B) WmM: 307.. 312 

(C) S 
(ix) aS^J©#^: 

(A) 15-^: RBS 

(B) :?^^Eii«: 421.. 428 

(C) #gJ:^j^^L/c:^f^: S 
(ix) 5E2^JCD#m: 

(A) terminator 

(B) #^Etitt: 4243.. 4281 

(C) 4#Si^?^Sb/c:;^?*: S 
(xi) WM: SEQ ID N0:1: 

GTOACAAGC AAAATCCAAC CGGCAGCACG CCGCGTCGGA GCCTTAAACG CCATCGCCX 60 
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CATCCCTCAT GGTTTCAATC ATCAAGTCGG TGAACGCGGG CCCAACCTGT CATCCGGACA 120 
GCGCCAACTG ATCGCGCTGG CGCGCGCCGA ACTCATCGAG COTCCATCA TGCTTCTCGA 180 
CGAAGCCACC TCCACCCTCXJ ACCCCGCCAC CGAAGCCXJH ATCCTCAACG CCTCCGATCG 240 
AGTCACTAAG GGACGCACTA GCATCATCGT CGCGCACCGC TTGGCAACCG CTAAAAGGGC 300 
CGACCGTATT CTTGTTGTTG AACAAGGACG TATCATTGAG GACGGATCTC ACGACGCGTT 360 
CnGTCTGCT AACGGCACCT ACGCCCGCAT GTGGCATTTA ATGGCCTCAC ACGTTATTTT 420 
TAGGAGAACT GTCAACAAAT TA ATG CTA CAA CTG GGG CTT AGG CAT AAT CAG 472 

Met Leu Gin Leu Gly Leu Arg His Asn Gin 
1 5 10 

CCA ACG ACC AAC GTT ACA GTG GAT AAA ATA AAG CTC AAT AAA CCC TCA 520 
Pro Thr Thr Asn Val Thr Val Asp Lys He Lys Leu Asn Lys Pro Ser 

15 20 25 

AGA AGC AAG GAA AAG AGG CGA GTA CCT GCC GTG AGC AGC GCT ACT ACT 568 
Arg Ser Lys Glu Lys Arg Arg Val Pro Ala Val Ser Ser Ala Ser Thr 

30 35 40 

TTC GGC CAG AAT GCG TGG CTG GTA GAC GAG ATG TTC CAG CAG TIC CAG 616 
Phe Gly Gin Asn Ala Trp Leu Val Asp Glu Met Phe Gin Gin Phe Gin 

45 50 55 

AAG GAC CCC AAG TCC GTG GAC AAG GAA TGG AGA GAA CTC TTT GAG GCG 664 
Lys Asp Pro Lys Ser Val Asp Lys Glu Trp Arg Glu Leu Phe Glu Ala 

60 65 70 

CAG GGG GGA CCA AAT GCT ACC CCC GCT ACA ACA GAA GCA CAG CCT TCA 712 
Gin Gly Gly Pro Asn Ala Thr Pro Ala Thr Thr Glu Ala Gin Pro Ser 
75 80 85 90 

GCG CCC AAG GAG TCT GCG AAA CCA GCA CCA AAG GCT CCC CCT GCA CCC 760 
Ala Pro Lys Glu Ser Ala Lys Pro Ala Pro Lys Ala Ala Pro Ala Ala 

95 100 105 

AAG GCA GCA CCG CGC GTA GAA ACC AAG CCG GCC GCC AAG ACC GCC CCT 808 
Lys Ala Ala Pro Arg Val Glu Thr Lys Pro Ala Ala Lys Thr Ala Pro 
110 115 120 
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AAG GCC AAG GAG TCC TCA GTG CCk CAG CAA CX;T AAG CH CCG GAG CCA 856 
Lys Ala Lys Glu Ser Ser Val Pro Gin Gin Pro Lys Leu Pro Glu Pro 

125 130 135 

GGA CAA ACC CCA ATC AGG GCT ATT TTC AAG TCC ATC GCG AAG LiC ATG 904 
Gly Gin Thr Pro He Arg Gly He Phe Lys Ser He Ala Lys Asn Met 

140 145 150 

GAT ATC TCC CTG GAA ATC CCA ACC GCA ACC TCG GTT CGC GAT ATG CCA 952 
Asp He Ser Leu Glu He Pro Thr Ala Thr Ser Val Arg Asp Met Pro 
155 160 165 170 

GCT CGC CTC ATG TTC GAA AAC CGC GCG ATG GTC AAC GAT CAG CTC AAG 1000 
Ala Arg Leu Met Phe Glu Asn Arg Ala Met Val Asn Asp Gin Leu Lys 

175 180 185 

CGC ACC CGC GGT GGC AAG ATC TCC TTC ACC CAC ATC AH GGC TAC GCC 1048 
Arg Thr Arg Gly Gly Lys He Ser Phe Thr His He He Gly Tyr Ala 

190 195 200 

ATG GTG AAG GCA GTC ATG GCT CAC CCG GAC ATG AAC AAC TCC TAC CAC 1096 
Met Val Lys Ala Val Met Ala His Pro Asp Met Asn Asn Ser Tyr Asp 

205 210 215 

GTC ATC GAC GGC AAG CCA ACC CTG ATC GTG CCT GAG CAC ATC MC CTG 1144 
Val He Asp Gly Lys Pro Thr Leu He Val Pro Glu Eis He Asn Leu 

220 225 230 

GGC CTT GCC ATC GAC CTT CCT CAG AAG GAC GGC TCC CGC GCA CTT GTC 1192 
Gly Leu Ala He Asp Leu Pro Gin Lys Asp Gly Ser Arg Ala Leu Val 
235 240 245 250 

GTA GCA GCC ATC AAG GAA ACC GAG AAG ATG AAC TTC TCC GAG TTC CTC 1240 
Val Ala Ala He Lys Glu Thr Glu Lys Met Asn Phe Ser Glu Phe Leu 

255 260 265 

GCA GCA TAC GAA GAC ATC GTG ACA CGC TCC CGC AAG GGC AAG CTC ACC 1288 
Ala Ala Tyr Glu Asp He Val Thr Arg Ser Arg Lys Gly Lys Leu Thr 
270 275 280 
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ATG GAT GAC TAC CAG GGC GTT ACC GTT TCC TTG ACC AAC CCA GGT GGC 1336 

Met Asp Asp Tyr Gin Gly Val Thr Val Ser Leu Thr Asn Pro Gly Gly 

285 290 295 

ATC GGT ACC CGC CAC TCT GTC aA CGT CTG AGC AAG GGC CAG GGC ACC 1384 

He Gly Thr Arg His Ser Val Pro Arg Leu Thr Lys Gly Gin Gly Thr 

300 305 310 

ATC ATC GGT GTC GGT TCC ATG GAT TAC CCA GCA GAG TTC CAG GGC GCT 1432 

He He Gly Val Gly Ser Met Asp Tyr Pro Ala Glu Phe Gin Gly Ala 

315 320 325 330 

TCC GAA GAC CGC CH GCA GAG.CTC GGC GH GGA AAG CTT GTC ACC ATC 1480 

Ser Glu Asp Arg Leu Ala Glu Leu Gly Val Gly Lys Leu Val Thr lie 

335 340 345 

ACC TCC ACC TAC GAT CAC CGC GTG ATC CAG GGT GCT GTG TCC GGT GAA 1528 

Thr Ser Thr Tyr Asp His Arg Val He Gin Giy Ala Val Ser Gly Glu 

350 355 360 

TTC CTG CGT ACC ATG TCT CGC CTG CTC ACC GAT GAT TCC TTC TGG GAT 1576 

Phe Leu Arg Thr Met Ser Arg Leu Leu Thr Asp Asp Ser Phe Trp Asp 

365 370 375 

GAG ATC TTC GAC GCA ATG AAC GTT CCT TAC ACC CCA ATG CGT TGG GCA 1624 

Glu He Phe Asp Ala Met Asn Val Pro Tyr Tnr Pro Met Arg Trp Ala 

380 385 390 

CAG GAC GTT CCA AAC ACC GGT GTT GAT AAG AAC ACC CGC GTC ATG CAG 1672 

Gin Asp Val Pro Asn Thr Gly Val Asp Lys Asn Thr Arg Val Met Gin 

395 400 405 410 

CTC m GAG GCA TAC CGC TCC CGT GGA CAC CIC ATC GCT GAC ACC AAC 1720 

Leu He Glu Ala Tyr Arg Ser Arg Gly His Leu He Ala Asp Thr Asn 

415 420 425 

CCA Cn TCA TGG GTT CAG CCT GGC ATG CCA QU CCA GAC CAC CGC GAC 1768 
Pro Leu Ser Trp Val Gin Pro Gly Met Pro Val Pro Asp His Arg Asp 
430 435 440 
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CTC GAC ATC GAG ACC CAC ACC CTG ACC ATC TGC GAT CTG GAC CGT ACC 1816 
Leu Asp He Glu Thr His Ser Leu Thr He Trp Asp Leu Asp Arg Thr 

445 450 455 

TTC AGC GTC GGT GGC TTC GGC GGC AAG GAG ACC ATG ACC CTG CGC GAG 1864 
Phe Ser Val Gly Gly Phe Gly Gly Lys Glu Thr Met Thr Leu Arg Glu 

460 465 470 

GTA CTG TCC CGC CTG CGC GCT GCC TAC ACC TTG AAG GTC GGC TCC GAA 1912 
Val Leu Ser Arg Leu Arg Ala Ala Tyr Thr Leu Lys Val Gly Ser Glu 
475 480 485 490 

TAC ACC CAC ATC CTG GAC CGC GAC GAG CGC ACC TGG CTG CAG GAC CGC 1960 
Tyr Thr His He Leu Asp Arg Asp Glu Arg Thr Trp Leu Gin Asp Arg 

495 500 505 

CTC GAA GCC GGA ATC CCA AAG CCA ACC CAG GCA GAG CAG AAG TAC ATC 2008 
Leu Glu Ala Gly Met Pro Lys Pro Thr Gin Ala Glu Gin Lys Tyr He 

510 515 520 

CTG CAG AAG CTG AAC GCC GCA GAG GCT TTC GAG AAC TTC CTG CAG ACC 2056 
Leu Gin Lys Leu Asn Ala Ala Glu Ala Phe Glu Asn Phe Leu Gin Thr 

525 530 535 

AAG TAC GTC GGC CAG AAG CGC TTC TCC CTC GAA GGT GCA GAA GCT CTC 2104 
Lys Tyr Val Gly Gin Lys Arg Phe Ser Leu Glu Gly Ala Glu Ala Leu 

540 545 550 

ATC CCA CTG ATG GAC TCC GCC ATC GAC ACC GCC GCA GGC CAG GGC CTC 2152 
He Pro Leu Met Asp Ser Ala He Asp Thr Ala Ala Gly Gin Gly Leu 
555 560 565 570 

GAC GAA GTT GTC ATC GGT ATG CCA CAC CGT GGT CGC CTC AAC GTG CTG 2200 
Asp Glu Val Val He Gly Met Pro His Arg Gly Arg Leu Asn Val Leu 

575 580 585 

TTC AAC ATC GTG GGC AAG CCA CTG GCA TCC ATC TTC AAC GAG TTT GAA 2248 
Phe Asn He Val Gly Lys Pro Leu Ala Ser He Phe Asn Glu Phe Glu 
590 595 600 



wo 95/34672 



PCT/JP95/01131 



- 40 



GGC CAA 
Gly Gin 

CAC CTC 
His Leu 
620 
ATC AAG 
He Lys 
635 

CCA GTG 
Pro Val 

GGC GTA 
Gly Val 

GCA TTC 
Ala Phe 

CTG CGT 
Leu Arg 
700 
CAG ATC 
Gin He 
715 

GCA ACC 
Ala Thr 



ATG GAG 
Met Glu 
605 

GGT TCC 
Gly Ser 

GTC TCC 
Val Ser 

ATG GAA 
Met Glu 

GAC GGC 
Asp Gly 
670 
GCA GGC 
Ala Gly 
685 

GGC TAC 
Gly Tyr 

GGC TTC 
Gly Phe 

CAC TAC 
Asp Tyr 



GGT GAT GAC CCA 
Gly Asp Asp Pro 
750 



CAG GGC 
Gin Gly 

GAA GGC 
Glu Gly 

CTG ACT 
Leu Thr 
640 
GGT ATC 
Gly He 
655 

AAG ACT 
Lys Thr 

CTG GGC 
Leu Gly 

GAC GTC 
Asp Val 

ACC ACC 
Thr Thr 
720 
GCC AAG 
Ala Lys 
735 

GAG GCA 
Glu Ala 



CAG ATC 
Gin He 
610 
CAG CAC 
Gin His 
625 

GCT AAC 
Ala Asn 

GTC CGC 
Val Arg 

GTT GTG 
Val Val 

ATC GTG 
He Val 
690 
GGA GGC 
Gly Gly 
705 

ACC CCA 
Thr Pro 

GCA nc 

Ala Phe 

Cn GTC 
Val Val 



GGT GGC 
Gly Gly 

CTG CAG 
Leu Gin 

CCG TCC 
Pro Ser 

GCA AAG 
Ala Lys 
660 
CCA CTG 
Pro Leu 
675 

CCA GAA 
Pro Glu 

ACC ATC 
Thr He 

GAC TCC 
Asp Ser 

GGC TGC 
Gly Cys 
740 
TGG GTT 
Trp Val 
755 



TCC GGT 
Ser Gly 

ATG TTC 
Met Phe 
630 
CAC CTG 
His Leu 
645 

CAG GAC 
Gin Asp 

CTG CTC 
Leu Leu 

ACC ATC 
Thr He 

CAC ATC 
His He 
710 
AGC CGC 
Ser Arg 
725 

CCA GTC 
Pro Val 



GAC GTG 
Asp Val 
515 

GGC GAC 
Gly Asp 

G.\A GCT 
Glu Ala 

TAC CTG 
Tyr Leu 

CAC GGT 
His Gly 
680 
.UC CTG 
Asn Leu 
695 

GTG GTG 
Val Val 

TCC ATG 
Ser Met 

TTC CAC 
Phe His 



GGC CAG CTG GCA 
Gly Gin Uu Ala 
760 



AAG TAC 
Lys Tyr 

GGC GAG 
Gly Glu 

GTT AAC 
Val Asn 
650 
GAC AAG 
Asp Lys 
665 

GAC GCT 
Asp Ala 

GCT AAG 
Ala Lys 

AAC AAC 
Asn Asn 

CAC TAC 
His Tyr 
730 
GTC AAT 
Val Asn 
745 

ACC GAG 
Thr Glu 
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TAC CGT CGT CGC TIC CGC AAG GAC GTC TTC ATC GAC CTC GH TCC TAG 
Tyr Arg Arg Arg Phe Gly Lys Asp Val Phe ILe Asp Uu Val Cys Tyr 

765 770 "775 

CGC CTC CGC GGC CAC AAC GAA GCT GAT GAT CCT TCC ATG ACC CAG CCA 
Arg Uu Arg Gly His Asn Glu Ala Asp Asp Pro Ser Met Thr Gin Pro 

780 785 790 

AAG ATG TAT GAG CTC ATC ACC GGC CGC GAG ACC GH CGT GCT CAG TAC 
Lys Met Tyr Glu Uu He Thr Gly Arg Glu Thr Val Arg Ala Gin Tyr 
795 800 805 810 

ACC GAA GAC CTG CTC GGA CGT GGA GAC CTC TCC AAC GAA GAT GCA GAA 
Thr Glu Asp Leu Uu Gly Arg Gly Asp Leu Ser Asn Glu Asp Ala Glu 

815 820 825 

GCA GTC GTC CGC GAC TTC CAC GAC CAG ATG GAA TCT GTG TTC AAC GAA 
Ala Val Val Arg Asp Phe His Asp Gin Met Glu Ser Val Phe Asn Glu 

830 835 840 

GTC AAG GAA GGC GGC AAG AAG CAG GCT GAG GCA CAG AX GGC ATC ACC 
Val Lys Glu Gly Gly Lys Lys Gin Ala Glu Ala Gin Thr Gly He Thr 

845 850 855 

GGC TCC CAG AAG CTT CCA CAC GGC CIT GAG ACC AAC ATC TCC CGT GAA 
Gly Ser Gin Lys Uu Pro His Gly Uu Glu Thr Asn He Ser Arg Glu 

860 865 870 

GAG CTC CTG GAA CTG GGA CAG GCT TIC GCC AAC ACC CCA GAA GGC TTC 
Glu Uu Uu Glu Uu Gly Gin Ala Phe Ala Asn Thr Pro Glu Gly Phe 
875 880 885 890 

AAC TAC CAC CCA CGT GTC GCT CCA GTT GCT AAG AAG CGC GTC TCC TCT 
Asn Tyr His Pro Arg Val Ala Pro Val Ala Lys Lys Arg Val Ser Ser 
895 

GTC ACC GAA GGT GGC ATC GAC TCG GCA TGG GGC GAG CTC CTC GCC TTC 
Val Thr Glu Gly Gly He Asp Trp Ala Trp Gly Glu Leu Uu Ala Phe 
910 920 



2776 



2824 



2872 



2920 



2968 



3016 



3064 



3112 



3160 



3208 
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GGT TCC CTG GCT AAC TCC GGC CGC TTG GTT CGC CTT GCA GGT GAA GAT 
Gly Ser Leu Ala Asn Ser Gly Arg Leu Val Arg Leu Ala Gly Glu Asp 

925 930 935 

TCC CGC CGC GGT ACC TTC ACC CAG CGC CAC GCA GH GCC ATC GAC CCA 
Ser Arg Arg Gly Thr Phe Thr Gin Arg His Ala Val Ala He Asp Pro 

940 945 950 

GCG ACC GCT GAA GAG TTC AAC CCA CTC CAC GAG CH GCA CAG TCC AAG 
Ala Thr Ala Glu Glu Phe Asn Pro Leu His Glu Leu Ala Gin Ser Lys 
955 960 965 970 

GGC AAC AAC GGT AAG TTC CTG CTC TAC AAC TCC GCA CTG ACC GAG TAC 
Gly Asn Asn Gly Lys Phe Leu Val Tyr Asn Ser Ala Leu Thr Glu Tyr 

975 980 985 

GCA GGC ATG GGC TTC GAG TAC GGC TAC TCC GTA GGA AAC GAA GAC TCC 
Ala Gly Met Gly Phe Glu Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser 

990 995 1000 

GTC GTT GCA TGG GAA CCA CAC TTC CGC GAC TTC GCC AAC GGC GCT CAG 
Val Val Ala Trp Glu Ala Gin Phe Gly Asp Phe Ala Asn Gly Ala Gin 

1005 1010 1015 

ACC ATC ATC GAT GAG TAC GTC TCC TCA GGC GAA GCT AAG TGG GCC CAG 
Thr He He Asp Glu Tyr Val Ser Ser Gly Glu Ala Lys Trp Gly Gin 

1020 1025 1030 

ACC TCC AAG CTG ATC CTT CTG CTG CCT CAC GGC TAC GAA CGC CAG CGC 
Thr Ser Lys Leu He Leu Leu Leu Pro His Gly Tyr Glu Gly Gin Gly 
1035 1040 1045 1050 

CCA GAC CAC TCT TCC CCA CCT ATC GAG CGC TTC CTG CAG CTG TCC CCT 
Pro Asp His Ser Ser Ala Arg He Glu Arg Phe Leu Gin Leu Cys Ala 

1055 1060 1065 

GAG GGT TCC ATG ACT GTT CCT CAG CCA TCC ACC CCA CCA AAC CAC TTC 
Glu Gly Ser Met Thr Val Ala Gin Pro Ser Thr Pro Ala Asn His Phe 
1070 1075 1080 
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CAC CTG CTG CGT 


CGT CAC GCT CTG TCC 


GAC CTG AAG CGT CCA 


1x11 


ovoc 


His Leu Leu Arg 


Arg His Ala Leu Ser 


Asp Leu Lys Arg Pro 


Leu Val 




1085 


1090 


1095 






ATC TTC ACC 


CCG 


AAG TCC ATG CTG 


CGT 


AAC AAG GCT GCT 


GCC 


ILL itLA 


o(M 


He Phe Thr 


Pro 


Lv^ Ser Met Leu 


Are 


Asn Lvs Ala Ala 


Ala 


ber Aia 




1100 




1105 




1110 

X X X V 








CCA GAA GAC 


TTC 


ACT GAG GTC ACC 


AAG 


TTC CAA TCC GTG 


ATC 


PAP PAT 

uAL l/Al 


oooo 
oool 


Pro Glu Asn 


Phe 


Thr Glu Val Thr 


Lys 


Phe Gin Ser Val 


He 


Asp Asp 




ins 




1120 




1125 




1130 




CCA AAC GTT 


GCA 


GAT GCA GCC AAG 


GTG 


AAG AAG GTC ATG 


CTG 


GTC TCC 


3880 


Pro Asn Vai 


Ala 


Asp Ala Ala Lys 


Val 


Lys Lys Val Met 


Leu 


Val Ser 








1135 




1140 




1145 




GGC AAG CTG 


TAC 


TAC GAA HG GCA 


AAG 


,CGC AAG GAG AAG 


GAC 


GGA CGC 


3928 


Gly Lys Leu 


Tyr 


Tyr Glu Leu Ala 


Lys 


Arg Lys Glu Lys 


Asp 


Gly Arg 






1150 


1155 


1160 




GAC GAC ATC 


GCG 


ATC QTt CGT ATC 


GAA 


ATG CTC CAC CCA 


AH 


CCG TTC 


3976 


Asp Asp He 


Ala 


He Val Arg He 


Glu 


Met Leu His Pro 


He 


Pro Phe 




1165 


1170 


1175 






AAC CGC ATC 


TCC 


GAG GCT err GCC 


GGC 


TAC CCT AAC GCT 


GAG 


GAA GTC 


4024 


Asn Arg He 


Ser 


Glu Ala Leu Ala 


Gly 


Tyr Pro Asn Ala 


Glu 


Glu Val 




1180 




1185 




1190 








CTC TTC GTT 


CAG 


GAT GAG OCA GCA 


AAC 


CAG GGC CCA TGG 


CCG 


TTC TAC 


J A ^7 A 

4072 


Leu Phe Val 


Gin 


Asp Glu Pro Ala 


Asn 


Gin Gly Pro Trp 


Pro 


Phe Tyr 




1195 




1200 




1205 




1210 




CAG GAG CAC 


CTC 


CCA GAG CTG ATC 


CCG 


AAC ATG CCA AAG 


ATG 


CGC CGC 


4120 


Gin Glu His 


Leu 


Pro Glu Leu He 


Pro 


Asn Met Pro Lys 


Met 


Arg Arg 








1215 




1220 




1225 




GTT TCC CGC 


CGC 


GCT CAG TCC TCC 


ACC 


GCA ACT GCT GH 


GCT 


AAG GTG 


4168 


Val Ser Arg 


Arg 


Ala Gin Ser Ser 


Thr 


Ala Thr Gly Val 


Ala 


Lys Val 






1230 


1235 


1240 
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CAC CAG CTG GAG GAG AAG CAG CTT ATC GAC GAG GCT TTC GAG GCT 4213 
His Gin Leu Glu Glu Lys Gin Leu He Asp Glu Ala Phe Glu Ala 

1245 1250 1255 

TAAGTCTTTA TACTCCTGCA CTAGCCTAGA GGGCCTTATG CAGTGTGAAT CACACAGCAT 4273 
AAGGCCCrn TTGCTCCCGT GGrTGCCTAA GGTGCAAGGC ATGAAACGAA TCTGTGCGGT 4333 
CACGATCTCT TCAGTACTTT TGCTAAGTGG CTGCTCCTCC ACHCCACCA CGCAGCTCGA 4393 
G ' 4394 

(2) ^nm^2(DRn(omn: 

(i) mnO^W: 

(A) g£^j©s$: miTi/m 

(B) rni^iom: Tiym 

(ii) mnomm- ^>^<^M 

(xi) I2^J: SEQ ID NO: 2: 
Met Leu Gin Leu Gly Leu Arg His Asn Gin Pro Thr Thr Asn Val Thr 

1 5 10 15 

Val Asp Lys He Lys Leu Asn Lys Pro Ser Arg Ser Lys Glu Lys Arg 

20 25 30 

Arg Val Pro Ala Val Ser Ser Ala Ser Thr Phe Gly Gin Asn Ala Trp 

35 40 45 

Leu Val Asp Glu Met Phe Gin Gin Phe Gin Lys Asp Pro Lys Ser Val 

50 55 60 

Asp Lys Glu Trp Arg Glu Leu Phe Glu Ala Gin Gly Gly Pro Asn Ala 
65 70 75 80 

Thr Pro Ala Thr Thr Glu Ala Gin Pro Ser Ala Pro Lys Glu Ser Ala 

85 90 95 

Lys Pro Ala Pro Lys Ala Ala Pro Ala Ala Lys Ala Ala Pro Arg Val 

100 105 110 

Glu Thr Lys Pro Ala Ala Lys Thr Ala Pro Lys Ala Lys Glu Ser Ser 
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115 120 125 

Val Pro Gin Gin Pro Lys Leu Pro Glu Pro Cly Gin Thr Pro He Arg 

130 135 140 

Gly He Phe Lys Ser He Ala Lys Asn Met Asp He Ser Leu Glu He 
145 150 155 160 

Pro Thr Ala Thr Ser Val Arg Asp Met Pro Ala Arg Leu Met Phe Glu 

165 170 • 175 

Asn Arg Ala Met Val Asn Asp Gin Leu Lys Arg Thr Arg Gly Cly Lys 

180 185 190 

He Ser Phe Thr His He He Gly Tyr Ala Met Val Lys Ala Val Met 

195 200 205 

Ala His Pro Asp Met Asn Asn Ser Tyr Asp Val He Asp Gly Lys Pro 

210 215 220 

Thr Leu He Val Pro Glu His He Asn Leu Gly Leu Ala He Asp Leu 
225 230 235 240 

Pro Gin Lys Asp Gly Ser Arg Ala Leu Val Val Ala Ala He Lys Glu 

245 250 255 

Thr Glu Lys Met Asn Phe Ser Glu Phe Leu Ala Ala Tyr Glu Asp He 

260 265 270 

Val Thr Arg Ser Arg Lys Gly Lys Leu Thr Met Asp Asp Tyr Gin Gly 

275 280 285 

Val Thr Val Ser Leu Thr Asn Pro Gly Gly He Gly Thr Arg His Ser 

290 295 300 

Val Pro Arg Leu Thr Lys Gly Gin Gly Thr He He Gly Val Gly Ser 
305 310 315 320 

Met Asp Tyr Pro Ala Glu Phe Gin Gly Ala Ser Glu Asp Arg Leu Ala 

325 330 335 

Glu Leu Gly Val Gly Lys Leu Val Thr He Thr Ser Thr Tyr Asp His 

340 345 350 

Arg Val He Gin Gly Ala Val Ser Gly Glu Phe Leu Arg Thr Met Ser 
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355 360 365 

Arg Leu Leu Thr Asp Asp Ser Phe Trp Asp Glu He Phe Asp Ala Met 

370 375 380 

Asn Val Pro Tyr Thr Pro Met Arg Trp Ala Gin Asp Val Pro Asn Thr 
385 390 395 400 

Gly Val Asp Lys Asn Thr Arg Val Met Gin Uu He Glu Ala Tyr Arg 

405 410 415 

Ser Arg Gly His Leu He Ala Asp Thr Asn Pro Leu Ser Trp Val Gin 

420 425 430 

Pro Gly Met Pro Val Pro Asp His Arg Asp Leu Asp He Glu Thr His 

435 440 445 

Ser Leu Thr He Trp Asp Leu Asp Arg Thr Phe Ser Val Gly Gly Phe 

450 455 460 

Gly Gly Lys Glu Thr Met Thr Uu Arg Glu Val Uu Ser Arg Uu Arg 
465 470 475 480 

Ala Ala Tyr Thr Uu Lys Val Gly Ser Glu Tyr Thr His He Uu Asp 

485 490 495 

Arg Asp Glu Arg Thr Trp Uu Gin Asp Arg Uu Glu Ala Gly Met Pro 

500 505 510 

Lys Pro Thr Gin Ala Glu Gin Lys Tyr He Uu Gin Lys Uu Asn Ala 

515 520 525 

Ala Glu Ala Phe Glu Asn Phe Uu Gin Thr Lys Tyr Val Gly Gin Lys 

530 535 540 

Arg Phe Ser Uu Glu Gly Ala Glu Ala Uu He Pro Uu Met Asp Ser 
545 550 555 560 

Ala He Asp Thr Ala Ala Gly Gin Gly Leu Asp Glu Val Val He Gly 

565 570 575 

Met Pro His Arg Gly Arg Uu Asn Val Leu Phe Asn He Val Gly Lys 

580 585 590 

Pro Uu Ala Ser He Phe Asn Glu Phe Glu Gly Gin Met Glu Gin Gly 
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595 600 605 

Gin He Gly Gly Ser Gly Asp Val Lys Tyr His Uu Gly Ser Glu Gly 

610 615 620 

Gin His Uu Gin Met Phe Gly Asp Gly Glu He Lys Val Ser Uu Thr 
625 630 635 640 

Ala Asn Pro Ser His Uu Glu Ala Val Asn Pro Val Met Glu Gly He 

645 650 - 655 

Val Arg Ala Lys Gin Asp Tyr Uu Asp Lys Gly Val Asp Gly Lys Thr 

660 665 670 

Val Val Pro Uu Uu Leu His Gly Asp Ala Ala Phe Ala Gly Uu Gly 

675 680 685 

He Val Pro Glu Thr He Asn Uu Ala Lys Uu Arg Gly Tyr Asp Val 

690 695 700 

Gly Gly Thr He His He Val Val Asn Asn Gin He Gly Phe Thr Thr 

715 720 
705 710 715 

Thr Pro Asp Ser Ser Arg Ser Met Eis Tyr Ala Thr Asp Tyr Ala Lys 

725 730 735 

Ala Phe Gly Cys Pro Val Phe His Val Asn Gly Asp Asp Pro Glu Ala 

740 745 750 

Val Val Trp Val Gly Gin Uu Ala Thr Glu Tyr Arg Arg Arg Phe Gly 

755 760 765 

Lys Asp Val Phe He Asp Uu Val Cys Tyr Arg Uu Arg Gly His Asn 

770 775 780 

Glu Ala ASP ASP Pro Ser Met Thr Gin Pro Lys Met Tyr Glu Uu He 

Thr Gly Arg Glu Thr Val Arg Ala Gin Tyr Thr Glu Asp Uu Uu Gly 
805 

Arg Gly Asp Uu Ser Asn Glu Asp Ala Glu Ala Val Val Arg Asp Phe 

820 825 830 

His ASP Gin Met Glu Ser Val Phe Asn Glu Val Lys Glu Gly Gly Lys 
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835 840 845 

Lys Gin Ala Glu Ala Gin Thr Gly He Thr Gly Ser Gin Lys Leu Pro 

850 855 860 

His Gly Leu Glu Thr Asn He Ser Arg Glu Glu Uu Uu Glu Leu Gly 
865 870 875 880 

Gin Ala Phe Ala Asn Thr Pro Glu Gly Phe Asn Tyr His Pro Arg Val 

885 890 - 895 

Ala Pro Val Ala Lys Lys Arg Val Ser Ser Val Thr Glu Gly Gly He 

900 905 910 

Asp Trp Ala Trp Gly Glu Uu Leu Ala Phe Gly Ser Leu Ala Asn Ser 

915 920 925 

Gly Arg Leu Val Arg Leu Ala Gly Glu Asp Ser Arg Arg Gly Thr Phe 

930 935 940 

Thr Gin Arg His Ala Val AU He Asp Pro Ala Thr Ala Glu Glu Phe 
945 950 955 960 

Asn Pro Leu His Glu Uu AU Gin Ser Lys Gly Asn Asn Gly Lys Phe 

965 970 975 

Uu Val Tyr Asn Ser Ala Uu Thr Glu Tyr Ala Gly Met Gly Phe Glu 

980 985 990 

Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser Val Val Ala Trp Glu Ala 

995 1000 1005 

Gin Phe Gly Asp Phe Ala Asn Gly Ala Gin Thr He He Asp Glu Tyr 

1010 1015 1020 

Val Ser Ser Gly Glu Ala Lys Trp Gly Gin Thr Ser Lys Uu He Leu 
025 1030 1035 1040 

Uu Uu Pro His Gly Tyr Glu Gly Gin Gly Pro Asp His Ser Ser Ala 

1045 1050 1055 

Arg He Glu Arg Phe Uu Gli Uu Cys Ala Glu Gly Ser Met Thr Val 

1060 1065 1070 

Ala Gin Pro Ser Thr Pro Ala Asn His Phe His Uu Leu Arg Arg His 
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1075 1080 1085 

Ala Uu Ser Asp Leu Lys Arg Pro Leu Val He Phe Thr Pro Lys Ser 

1090 1095 1100 

Met Leu Arg Asn Lys Ala Ala Ala Ser Ala Pro Glu Asp Phe Thr Glu 
105 1110 1115 1120 

Val Thr Lys Phe Gin Ser Val He Asp Asp Pro Asn Val Ala Asp Ala 

1125 1130 ' 1135 

Ala Lys Val Lys Lys Val Met Uu Val Ser Gly Lys Leu Tyr Tyr Glu 

1140 1145 1150 

Leu Ala Lys Arg Lys Glu Lys Asp Gly Arg Asp Asp He Ala He Val 

1155 1160 1165 

Arg He Glu Met Leu His Pro He Pro Phe Asn Arg He Ser Glu Ala 

1170 H75 118^' 

Leu Ala Gly Tyr Pro Asn Ala Glu Glu Val Leu Phe Val Gin Asp Glu 
185 1190 1195 1200 

Pro Ala Asn Gin Gly Pro Trp Pro Phe Tyr Gin Glu His Uu Pro Glu 

1205 1210 1215 

Uu He Pro Asn Met Pro Lys Met Arg Arg Val Ser Arg Arg Ala Gin 

1220 1225 1230 

Ser Ser Thr Ala Thr Gly Val Ala Lys Val His Gin Uu Glu Glu Lys 

1235 1240 1245 

Gin Uu He Asp Glu Ala Phe Glu Ala 
1250 1255 



(2) E>?iJl=-^3©E^J®1tfS: 

(i) mw^n- 

(A) K^J©S$: 20 base pairs 

(B) I£^IJ©1!: 

(c) mom — 

(D) h^f^pi^-: 
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(ii) mwmm: ii^omm ^^dna 

(iii) y^^rf.-\zr--( i^J^' NO 
(iv) r>=f-^>^' NO 
(xi) Se^J: SEQ ID NO: 3: 

CTGTCTGAAG GATCGGTTCT 20 

(2) SE^J#-t4©@a^J®1t^*- 

(i) mncD^M- 

(A) SE^j©:!^: 29 base pairs 

(B) l^n<DM' 

(C) mo^: 

(D) W.m.^ 

(ii) mnomm-. -^bIcdna 

(iii) /N-Y^-ir-r >f :^>'l^: NO 
(iv) T^^^-fe^^'- YES 
(xi) SE^J: SEQ ID NO: 4: 

GAGTGCTCAG GCCCCTGTCC CTCGTAACC 29 

(2) WM^^ 5 owMornm.- 

(i) WMO'&L'^- 

(A) Sa^JOS^ : 20 base pairs 

(B) WMO^- 

(c) m<o^- 

(D) h^i^Pv'-: lE0t>t 

(ii) Sa^JOa^: ^©^m ^^DNA 
(iii) /N^^^-feT^-f NO 

(iv) T^f-fe-^^"- NO 
(xi) mn: SEQ ID NO: 5: 
GCTAXCrrCG GGAGCTCTAG 20 
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(2) SE^J 6 © SS^J Olt^ 

(i) SS^iJ 

CA) K^JOS^: 20 base pairs 

(B) BEJIJO^: 
(C) 

(D) hjf^ov?-: lE0t>t 

(ii) m-^\omm: -^bScdna 

(iii) /N^5f>-tr7^^ ^>'^: NO 
(iv) T>^-fe>^-- YES 
(xi) WM'. SEQ ID NO: 6: 

GATCTTTCCC AGACTCTGGC 20 

(2) se^J#-^ 7 (DWMomn : 

(i) E^JOtt^: 

(A) E^JO:^^: 20 base pairs 

(B) K^JOS: 

(C) ^©Igt: 

(D) h^f^ov'-t it0t^ 

(ii) E^joam: wmm -^sxdna 

(iii) /N-<5f>-feX>f ^>'^= NO 

(iv) ry^-^y^' NO 

(xi) Sa^iJ: SEQ ID NO: 7: 
TAATGCCACC GACACCXACC 20 

(2) IS^J#-^8©E^JC)1tf6- 

(i) I£JiJOte»: 

(A) W^no-^-^: 20 base pairs 

(B) w.nom- 

(C) ^©31!^: 

(D) h:}?a-:^-: W.^^ 
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(ii) mnomm: -teMSe ^^dna 

(iii) Tn^t^y-^ ijjU: NO 
(iv) 7>^-fe>X: YES 
(xi) i£2?ij: SEQ ID N0:8: 

TCAACGCX:CA CATAGTCGAC 20 

(2) wj\m^ 9 (Dmwmm: 

(i) mn(D^m- 

(A) SejiJOS$: 20 base pairs 

(B) ig^ij©^: 
(C) 

(D) h:ftDi?-: 

(ii) 5£JlJ©mm: •ffe®^® -^^DNA 
(iii) /N-^^-fe-f^ NO 

(iv) T>^-fe>X: KG 
(xi) S2^J: SEQ ID NO: 9: 
GAATTCGCTC CCCJGTGACGC 20 

(2) ^jmmoomnomm.: 

(i) E^JOttW: 

(A) KJiJ©:S$: 20 base pairs 

(B) mnoM: 

(C) mo^: 

(D) K;f^ovJ-: mmik 

(iii) /N^:f°-lr'r-< i^^U: NO 
(iv) T^^-b^X: YES 
(xi) I£^J: SEQ ID N0:10: 
GATGCAGAAT TCCTTGTCGG 20 
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(2) ^.n^^uiomnomn- 

(i) mn(o^M- 

(A) K^J©:^^ : 20 base pairs 

(B) E^JOS: 

(c) moWi'- 

(D) hTfxDv^-: W.^^ 

(ii) mywrnm-- -ftfeo^s -^skdna 

Ciii) /N-Y^-tr-r >f t)J\y'- NO 
(iv) T>^-fe>X: NO 
(xi) BEiFiJ: SEQ ID N0:11: 
GTCGACGGCG GACTTGTCGG 20 

(2) mn^-^i2(Dmnomn: 

(i) S£^iJ©t4®'. 

(A) K^J©:^^ •• 20 base pairs 

(B) m'^iom- 

(C) moiSc: — 

Cii) Sa^JOa^: -teO^^ -^fiJcDNA 

(iii) ^N^T'J^-fer-'f ^0 
(iv) T>^-fe>^- YES 
(xi) ISi^J: SEQ ID NO: 12: 

GTCGACAAAA CCCAAAAAAA 20 

(2) E^J#-^l3©E^J©1tfS- 
(i) IS^JOtt^: 

(A) K^J©:^^ 51 base pairs 

(B) SE^J©^: 

(c) m©!&-- 

(D) h^^D*^— = E^tt 
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(ii) mn<Dmm: to^^ -^bJcdna 

(iii) ^^^^^•^T^'f^^'^''^^ 
(iv) T>^-t>X: NO 
(xi) IE?IJ: SEQ ID NO: 13: 

CTGCGGAAAC TACACAAGAA CCCAAAAATG ATTMIAATT GAGACAAGCT T 51 

(2) SE^j§-tl4©Se^J©ttfS: 

(i) mno^m- 

(A) mno-B:-^ : 59 base pairs 

(B) E^jCD^: 
(C) 

(D) h^^ov-: Siltt 

(ii) K^J©a®: -te©^^ -^fiJcDN A 
(iii) /N^rf.Hr-r^ NO 

Civ) TV^-tr^:^-- YES 
(xi) E^J: SEQ ID NO: 51: 
CTAGAAGCTT GTCTCAATTA TTAATCATTT TTGGGTTCTT GTGTAGTTTC CGCAGGTAC 59 
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